Accidental hypothermia during anaesthesia is always a risk in infants. The reasons for this have been well summarised elsewhere. 1, 2 Small infants, even under normal conditions, are susceptible to heat loss due to poor thermal insulation (thin skin and subcutaneous fat layer), small body size, large surface area to body weight ratio, and increased curvatures of the body, predisposing to heat loss by radiation. By the age of a few minutes the newborn baby is able to increase heat production to a limited degree in response to cold stress, and this ability improves with increasing age and body size. It can mobilise brown fat (non-shivering thermogenesis) to increase heat production. The infant may also make behavioural responses to cold by muscular activity (but rarely by shivering) and decreasing the surface area of the body exposed, although these are less well developed than in older subjects. Heat may be conserved to some degree by peripheral vasoconstriction.
Anaesthesia inhibits most of the heatproducing and conserving mechanisms. The paralysed, unconscious infant can no longer make postural changes. Muscular activity is abolished. Many anaesthetic drugs cause depression of the hypothalamic thermoregulatory centre, and may cause vasodilatation. Metabolic rate and heat production may also be depressed. Therefore, even older infants who, under normal conditions, are quite capable of maintaining normothermia at ambient theatre temperature, may be at risk of hypothermia when anaesthetised.
The consequences of intraoperative hypothermia are not fully apparent until the postoperative phase. A relatively small drop in temperature can result in a marked increase in oxygen consumption. This may be compounded by shivering in the older infant. Hence oxygen consumption is increased at a time when oxygen supply is at its most tenuous, and hypoxaemia may result.
Recovery may be delayed and there is an increased incidence of postoperative morbidity. There is an increased likelihood of vomiting and aspiration, poor muscular activity and Many different methods have been advocated for maintaining body temperature during surgery. 3, 4, 5, 6 In this hospital we have used for some time circulating water blankets, humidifiers, and radiant heaters, either alone or in combination. The aim of this study was to assess the value of the three methods used, to determine whether using all three methods had advantages over the use of one alone or two in com bination.
PATIENTS AND METHOD
Equipment -The warming blanket was a Hetotherm water circulating system, * set at 37 QC. The Bennett Cascade Humidifier** was used, temperature being measured in the gas delivery tube close to the patient's head. In practice the temperatures attained were between 30-34 QC. The radiant heater used was manufactured by Medcor. *** It has adjustable height and heater settings.
A specially constructed digital thermometer designed in the Royal Children's Hospital Biomedical Engineering Department was used. It had a range from 0-40 QC with a tolerance of ±0.15 Q C. Its resolution was 0.01 QC allowing very accurate measurement of change in temperature over a narrow range as in these studies. Temperature probes used were of the Yellow Springs Instrument Co. series 700 thermilinear range. Whilst the accuracy of the thermometer was adequate, it was the high resolution of the instrument which was important as we were mainly interested in changes in temperature.
Patients -The patients selected were up to six months of age. Three randomly selected groups were studied, 20 patients in each of groups 1 and 3 and 21 in group 2. They were not selected according to operation, but about half of each underwent inguinal hernia repairs and a further six in groups 2 and 3 underwent laparotomy.
Group 1 were placed on a warming blanket alone. Group 2 were placed on a warming blanket and had warmed humidified inspired gases. Group 3 used the blanket, humidifier and the radiant heater. A small group of patients undergoing neurosurgical operations was also studied separately in group 2 and 3. They were not included in the main study because it was felt the length of the procedure and prolonged exposure of the head would be more likely to produce large temperature drops and thus introduce an imbalance into the study. Their results are recorded and discussed separately.
Rectal temperatures were measured. The rectal probe was inserted preoperatively as soon as the patient entered the theatre suite to allow it to stabilise and in order to minimise exposure to cold immediately before commencing induction of anaesthesia. Recordings were begun from commencement of induction and continued until the end of the operation.
The anaesthetic technique used was, with a few exceptions in Group 1, a relaxant anaesthetic. The patients were not premedicated. Induction was achieved with thiopentone, followed by a muscle relaxant, intubation and controlled ventilation with a mixture of nitrous oxide and oxygen (2: I). A few patients in Group 1 breathed spontaneously a mixture of nitrous oxide, oxygen' and halothane. As the temperature changes in these patients were in a similar range to those in the same group receiving relaxant anaesthetics they were included in the study.
In Group 3, the heater was removed once the patient had been prepared for operation and drapes had been positioned.
The ambient theatre temperature was kept between 22-25 QC in all cases, with a relative humidity of 500,10. Table 1 shows the mean values obtained for temperature fall and the rates of fall in temperature, both during induction and overall throughout the operation. The effects of age and weight were not significant when analysis of co-variance was carried out between them and the above variables.
RESULTS
The temperature drop during induction and the rate of fall temperature during induction was significantly faster (p<0.05) in group 1 than group 3, but there was not a significant difference between groups 1 and 2 and groups 2 and 3 (Table 1) .
Overall temperature drop for induction to the end of the operation is shown in Figure  ( mean and standard error of mean). There was significant difference (p<O.05) between groups 1 and 3 (multiple comparison using Scheffe's test) .. Table 2 shows the results in a small group of neurosurgical patients who were studied separately.
There were nine neurosurgical cases in group 2, comprising five cranioplasties and four ventriculo-peritoneal shunts (VP Shunt). In group 3 there were four cases -three VP Shunts and one elevation of depressed skull fracture. Cranioplasties are long procedures with prolonged exposure of the head. We made a comparison between the four VP Shunts in group 2 and the four neurosurgical cases in group 3, as they were comparable types of operation.
The group of neurosurgical patients in which the overhead heater was used as well as the blanket and humidifier (Group 3) had significantly slower fall in temperature during induction (p<O.05, analysis of variance). Figure  2 illustrates how the temperature drop increases significantly with longer induction time in patients on a blanket and with humidification only (Group 2) (p<O.025) -analysis of covariance -and the benefit of the addition of the overhead heater in preventing cooling (Group 3).
When the neurosurgical cases and the general surgical cases in group 3 were compared there were no differences, but in group 2 there were significantly greater falls in temperature in the neurosurgical compared with other cases in overall temperature drop, temperature drop during induction and rate of temperature drop during induction (analysis of variancep<O.05).
DISCUSSION
The results show a trend suggesting improved temperature maintenance when a humidifier is used as well as a blanket (Group 2) and again when an overhead heater is added to the other 
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Neurosurgery (9) Cranioplasties (5) VP Shunts (4) Neuro (4) Age ( two methods (Group 3). The differences are statistically significant when the temperature drop during induction and the overall temperature drop with the blanket alone (Group 1), is compared with blanket and humidifier and overhead heater (Group 3). When the neurosurgical cases were compared with the general surgical patients in each group, there were far greater falls in temperature in the neurosurgical patients in group 2 than in the others, suggesting that, whereas a blanket and heater may just be adequate in many operations they were inadequate with the added exposure of the baby's head. In group 3 there were no differences suggesting that the heater prevented most of the heat loss during induction from the large exposed head in neurosurgical patients. These figures help to re-emphasise the importance of keeping the relatively large head of the infant warm, either by using the heater or covering it with a bonnet, cotton wool or other insulation where appropriate.
There are several possible reasons for our failure to show more differences between the groups 1 and 2 and groups 2 and 3, mostly related to the way the humidifier and overhead heater are used. Attention to detail is important if optimum benefit is to be gained from their use. The humidifier should be warmed prior to use, so that the gas is delivered at about 30 Q-36 QC to the patient. It should be connected to the anaesthetic circuit from the beginning of induction. The position of the overhead heater, the temperature setting and the height above the table are important. It should be prewarmed. We found in practice that the heater should be switched on, warmed up, and set at a setting of about 7, one metre above the table. As individual heaters may vary slightly the patients skin temperature should be monitored to avoid overheating.
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Several anaesthetists gave the anaesthetics, and it is possible that the differences in their individual techniques caused some variation in the results.
The ideal management of small infants is to maintain them in a neutral thermal environment. 8, 9 This is the ambient temperature and humidity where control of body temperature can be achieved by vasomotor adjustments only, with minimal oxygen consumption and heat production. This narrow range of temperatures in babies varies according to gestational age, postnatal age, weight, and whether the baby is clothed. With increasing age and weight, the neutral thermal zone widens and lower environmental temperatures are tolerated.
A neutral thermal environment is relatively easy to achieve in a neonatal nursery wit;h use of modern isolettes and radiant heaters. However, in the operating theatre, with the various demands of surgeon and anaesthetist, this is much more difficult to attain, and compromises must be made.
There have been numerous studies using warming blankets, humidifiers and high ambien t temperatures, 3,4,5,6,10.11 but the use of all these methods in combination does not appear to have been studied. Heat loss via convection to the atmosph~re, conduction through a cold operating table, radiation to surrounding objects and the evaporation to cold dry inspired gases must all be considered, A high theatre temperature (32 QC has been advocated in one study 10) may prove uncomfortable for theatre staff, and may detract from the surgeon's performance. Similarly, use of a radiant heat source throughout surgeryl2.13 may prove uncomfortable for the surgeon. So we have compromised by using it for induction and skin preparation only. The elimination of drafts in the theatre will reduce the heat loss by convection.
The warming blanket is a widely used and studied method of heat conservation. We favour the circulating water blanket because there is no electrical hazard to patients.
Although the Bennett Cascade Humidifier, which has been used in our theatres, is less efficient than the servo-controlled humidifiers with heating coils in the delivery tubing (e.g. Nicholas-Grant),14 it does have the advantage that heating the water to 55 QC to enable the gas to be delivered to the patient adequately warmed will kill or prevent growth of microorganisms and helps to reduce the risk of respiratory infections. However, with low gas flows used for neonates, it is difficult to get a temperature above 34 QC at the patient end of the tubing.
In order to minimise the risk of hypothermia in infants, it is essential to pay close attention to detail, and to use the methods described to minimise heat loss and to produce as close as possible to neutral thermal environment for the anaesthetised infant.
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